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ABSTRACT 


Aim: The present investigation was carried out to evaluate the response and fix an optimize source and levels of S for sunflower 
production. 

Materials and Methods: Field experiments were conducted in the Experimental Farm of the Department of Agronomy, Anna¬ 
malai University, Annamalai Nagar during March - June and June - September 2014 in RBD to study the response of sunflower 
(Helianthus annuus L.) var. K-1 to different sources and levels of sulphur (Elemental sulphur, Gypsum and Pyrite for their growth, 
yield attributes, and yield. 

Result: Among the different treatments Elemental Sulphur @ 45 kg ha 1 along with RDF (40:20:20 kg ha 1 ) had a positive effect 
on growth, yield attributes, yield and nutrient uptake in sunflower for I and II crops. The lowest values of growth, yield attributes 
and yield were recorded by 0 kg S ha' 1 along with RDF. 

Conclusion: Application of sulphur especially through Elemental sulphur @ 45 kg ha' 1 along with RDF (40:20:20 kg ha 1 ) is a 
fitting practice for augmenting sunflower yields in clay loam regions of Cuddalore district sunflower farmers. 
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INTRODUCTION 

Sunflower (.Helianthus annuus L.) is one of the most im¬ 
portant oilseed crops containing high quality edible oil. It is 
easy to cultivate and grown in different conditions and soils 
[Kaya MD and Kolsarici O (2011)]. Sunflower oil has excel¬ 
lent nutritional properties, and has a relatively high concen¬ 
tration of linoleic acid [Seiler GJ (2007)]. Oilseeds and their 
derivatives vegetable oil and meal are in demand globally, 
and there is a need to identify and quantify the key issues 
for their production by different stakeholders to develop 
and support actions that will ensure a viable future of such 
crops (Muhammad Farhan et al., 2013). In oil seeds sulphur 
plays a vital role in the development of seed and improv¬ 
ing the quality (Naser et ah, 2012). Sulphur is increasingly 
being recognized as the fourth major plant nutrient after 
nitrogen, phosphorus and potassium (Tandon and messick, 
2002). Sulphur plays a predominant role in improving the 
grain quality of sunflower crop and also the use efficiency 


of nitrogen and phosphorus. Sulphur helps in the synthesis 
of cystein, methionine, chlorophyll, vitamins (B, biotin and 
thiamine), metabolism of carbohydrates, oil content, protein 
content and also associated with growth and metabolism, es¬ 
pecially by its effect on the protolytic enzymes (Najar et al., 
2011). Sulphur deficiency was observed in different states 
of India. Eighty eight out of four hundred odd districts were 
identified as sulphur deficient with varying degrees (Tandon, 
1986). Sulphur deficiency have been reported 70 countries 
worldwide, of which India is one, Tamilnadu is one of the 
agriculturally important states with very little data on soil 
sulphur status. It has been found that 80 percent of the sam¬ 
ples obtained from 15 bench mark clay soil in Cuddalore 
district were reported to be ‘S’ deficient (Balasubramanian 
et al., 1990). Consequently, the yield of oilseed crops, espe¬ 
cially sunflower, is severely affected due to S deficiency. Re¬ 
sponse of crops to other nutrients also becomes less and less 
because of the marginally low level of S in these soils. In ad¬ 
dition, the disproportionately greater use of nitrogen (N) and 
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P in comparison to S has widened the N-S and P-S ratios 
(Manickam and Vijayachandran, 1985). Hence the present 
investigation was carried out to evaluate the response and fix 
an optimize levels of S for sunflower production. 


MATERIALS AND METHODS 

In order to study the different sources of sulphur at varying 
levels on the quantitative and qualitative characters of sun¬ 
flower. The experiment was conducted at Annamalainagar 
experimental farm, Tamilnadu, India during March to June 
and June to September on 2014. The experimental site of 
the study is geographically located at 11°24’N latitude, 79 
°44’E longitude and an altitude of +5.79 m of above mean 
sea level. Soil was analysed for their physical and chemi¬ 
cal properties. A composite soil sample was collected at a 
depth of 0-30 cm. It was air dried, crushed, and tested for 
physical and chemical properties. The soil was clay loam in 
texture with soil reaction of (pH 7.7), electrical conductivity 
0.49 dS m ', organic matter (0.96%), low available nitrogen 
(256.5kg.ha 1 ), available phosphorus (20.6 Kg ha* 1 ), and low 
available sulphur (17.8 kg.ha' 1 ). The experimental design 
was carried out in a randomized block design with arrange¬ 
ment of treatments in three replications. Experimental plots 
consist of three sulphur sources (Elemental sulphur, Gypsum 
and iron pyrite), levels (15, 30, 45 kg.ha' 1 ) and control i.e., 
recommended N, P and K (40:20:20 kg. ha *') alone. The 
plots were prepared with dimension of 5 m x 3 m and seeds 
of variety K1 were sown with a spacing of 30x30 cm. At 4-5 
leaf stage plants were thinned to appropriate density. Weeds 
were controlled manually at 5-leaf stage, stem elongation 
and flowering stage to maintain a uniform plant population. 
Irrigation were given uniformly and regularly to all plots as 
per requirement so as to prevent the crop from water stress at 
any stage. The crop was completely harvested at physiologi¬ 
cal maturity stage and their biometric observations such as 
seed number.cap* 1 , 1000 seed weight, seed yield, biological 
yield and oil yield were recorded. Oil percentage was cal¬ 
culated using a commercial Nuclear Magnetic Resonance 
Spectrometer (NMRS) method. Oil yield was obtained by 
following formula: 

Oil yield = Oil percentage x seed yield /100. 

Chlorophyll Assay 

The total chlorophyll content of leaves was detenuined by 
using 80 % acetone extraction suggested by Amon (1949). 
About 250 mg of fresh leaf material from each plot was 
taken and crushed thoroughly with 80% acetone. A homo¬ 
geneous paste was made and fdtered through Whatman No. 1 
filter paper, made up the volume with 80 % acetone 25 ml. 
Since the extract is subjected to evaporation and photo oxi¬ 
dation. The optical activity or density of chlorophyll ‘a’ and 


‘b’ recorded at 645 nm and 663 mn wave length respectively 
and chlorophyll a and b were calculated using the formula. 

Chlorophyll a = 20.2 x O.D value at 645 nm x 100/1000 mg.g' 1 

Chlorophyll b = 8.02 x O.D value at 663 mu x 100 /1000 mg.g* 1 

Total chlorophyll content = chlorophyll a + chlorophyll b. 

Biometric observations were obtained by selecting five 
representative sample plants from each plot at random the 
growth characters (plant height, number of leaves, leaf area 
index and DMP) yield components (Capitulum diameter, 
number of seeds.capitulum', number of filled seeds and 
seed yield in the experiments were recorded at 30 (vegeta¬ 
tive stage), 45 (flowering stage) DAS and at harvest. Post 
harvest soil samples were taken from each treatment at 0-15 
cm depth and the samples were dried and passed through a 
2mm sieve and available N, P, K and S obtained by using 
appropriate methods. 


STATISTICAL ANALYSIS 

The experimental data were statistically analysed as suggest¬ 
ed by Gomez and Gomez (1976). For significant results the 
critical difference was worked out at 5 per cent level. 


RESULTS 

Growth attributes 

Statistically analysed results showed that the effect of dif¬ 
ferent sources and levels of sulphur application significantly 
influenced all experiment traits except 1000 seed weight. 
Among the different levels of sulphur, the highest plant 
height (144.80 cm and 146.73 cm) was noticed with appli¬ 
cation of elemental sulphur @ 45 kg ha* 1 along with RDF 
(40:20:20 kg ha ') at harvest which was followed by gypsum 
and iron pyrite in two seasons. Application of sulphur signif¬ 
icantly increases the plant height in sunflower (Intodia and 
Tomar, 1997). Similar results have been reported by Zeiny et 
cil., (1998) and Legha and Gajendra Giri (1999). The similar 
trend was recorded in LAI (4.26 and 4.49) at flowering stage, 
DMP (4027.00 and 4134.00 kg ha') at harvest stage, CGR 
(16.02 and 16.09), RGR (0.0762 and 0.0765) at flowering 
stage and total chlorophyll content (1.642) in both the sea¬ 
sons. The lowest values for growth attributes were recorded 
in the plots which received 0 kg S ha 1 in both seasons. 

Yield Attributes 

Sulphur levels and sources significantly influenced the yield 
components and yield in both the crops. Among the differ¬ 
ent sources and levels of suphur through elemental sulphur 
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@ 45 kg ha 1 along with RDF (40:20:20 kg ha 1 ) obtained 
maximum capitulum diameter (16.92 cm and 17.22 cm), 
number of filled seeds capitulum 1 (695.00 and 705.00), seed 
yield 1060.00 and 1072.00 kg ha 1 ), oil content (38.53% and 
38.51%) and crude protein content (16.35% and 16.39%) 
followed by gypsum and iron pyrite in both seasons. 

Crop Nutrient Uptake 

The crop nutrient uptake increased with in levels of sul¬ 
phur application and the values were significant between the 
sources, Elemental sulphur @ 45 kg ha' 1 along with RDF 
(40:20:20 kg ha 1 ) recorded highest uptake (82.16 and 85.80, 
14.94 andl4.97, 113.63 and 113.80 and 11.68 and 12.00 kg 
ha 1 ) followed by gypsum and iron pyrite of N, P, K and S 
respectively in both seasons and among the sources. Yadav 
and Singh (1970) opined that the synergistic relationship of 
S with N, P, K, Ca and Mg in plants and hence increment in 
S levels in soil increase the uptake of nutrients by the crop. 
Among all sources tried, Elemental sulphur resulted in the 
highest nutrient uptake at all levels. 


DISCUSSION 

In present series of study the increase in growth attributes 
might be due to more synthesis of amino acids, increase in 
chlorophyll content in growing region and improving the 
photosynthetic activity, ultimately enhancing cell division 
resulted in an increment in plant height, higher LAI and 
DMP. This was evidenced through the studies of Intodia and 
Tomar (1997) and Raja et al. (2007). 

Sulphur application resulted in significance increase in LAI, 
chlorophyll pigments, CGR, RGR, capitulum diameter and 
100 seed weight. Obviously these have jointly contributed 
and increased the yield potential of the crop as reflected by 
the higher seed yield. Such a response to increasing levels 
of ‘S’ might be ascribed to adequate supply of nutrients re¬ 
sulted in high production of photosynthates and their trans¬ 
location to sink ( Tomar et al, 1997). Further the proper¬ 
ties of elemental sulphur reveal that when it is applied to the 
soil, absorbs moisture and disintegrates into fine and coarse 
particles. The finer particles oxidise rapidly and coarser par¬ 
ticles slowly which might have supplied sufficient sulphur 
to the soil pool throughout the growth period of sunflower 
and resulted in higher seed yield than other sources like gyp¬ 
sum and iron pyrite respectively. Apart from that application 
of sulphur helps in conversion of carbohydrates into oil. In 
fatty acid synthesis, acetyl co-A is converted into malonyl 
co-A. In this conversion an enzyme thiokinase is involved, 
the activity of which depends upon sulphur supply. Moreo¬ 
ver, acetyl co-A itself contains sulphur and sulphadryl group 
(Sreemannarayana et al, 1998). The results in line with the 
earlier findings of Ajabsingh Yadav and Harishankar (1980), 


Tripathi and Sharma (1995) and Tamak et al ., (1997). Crude 
protein content was increased with the increment of sulphur 
levels. Sulphur nutrition provides disulphide group of cross 
linking of two polypeptide chains in protein formation (All¬ 
way and Thompson, 1996). Similar findings were reported 
by Yadav and Singh (1970), Das et al., (1994) and Jadav and 
Shelke (1994). 

In the present study a synergistic effect of sulphur on phos¬ 
phorus was recorded. This might be due to solubalization 
of phosphorus by sulphur. Jaggi and Dixit (1996) reported, 
all sorts of interactions viz., positive, neutral and negative 
between phosphorus and sulphur. The increase in S uptake 
with increasing rates of sulphur seems to be associated with 
increased availability of S from applied sulphur with a con¬ 
comitant increase in crop yield. Decrease in S content of the 
mature crop might be attributed to the translocation of the 
absorbed S to the growing part, especially to seed (Tandon, 
1990). The higher uptake of sulphur in seeds indicated its 
requirement in the synthesis of lipids and proteins for quali¬ 
tative improvement in sunflower (Narender Reddy et al., 
1996). 


CONCLUSION 

In the light of the above study, it may be concluded that ap¬ 
plication of sulphur especially through Elemental sulphur @ 
45 kg.ha 1 combined with RDF (40:20:20 kg ha 1 ) is a fitting 
practice for augmenting sunflower yields in clay loam re¬ 
gions of Cuddalore district sunflower farmers. 
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Table i: Effect of sources and levels of Sulphur on Growth attributes 

Treatment Plant height LAI at flowering DMP in Kg at Total Chlorophyll 

In cm at harvest harvest content at flowering 



2014 

2015 

2014 

2015 

2014 

2015 2014 

2015 

To- Recommended dose of Fertilizer 
alone (RDF) 

123.20 

124.10 

3.12 

3.16 

2967.00 

2972.00 

1.132 

T - Elemental Sulphur@i 5 kgha 1 + RDF 

r 30 . 6 o 

133.68 

3-45 

3-54 

3497.00 

3358.10 

1.463 

T 2 - Elemental Sulphur @30 kgha 1 + RDF 

140.46 

142.85 

3.84 

3.87 

3882.00 

3618.90 

1.560 

T - Elemental Sulphur @45 kgha 1 + RDF 

144.80 

146.73 

4.26 

4.29 

4027.00 

4134.00 

1.642 

T - Gypsum @ 15 kg ha 1 + RDF 

127.80 

129.21 

3-34 

3-44 

3374.00 

3226.00 

1.411 

T - Gypsum @ 30 kg ha 1 + RDF 

138.83 

139.71 

3-75 

3.70 

3646.00 

3486.00 

1.516 

T 6 - Gypsum @ 45 kg ha 1 + RDF 

143.20 

143.29 

4-15 

4.18 

3903.69 

3909.00 

1.583 

T - Pyrite @ 15 Kg ha '+ RDF 

125.30 

126.44 

3.22 

3.28 

3144.65 

3098.65 

1.365 

T g - Pyrite @ 30 Kg ha '+ RDF 

136.90 

136.34 

3.46 

3-54 

3348.66 

3336.65 

1.468 

T - Pyrite @ 45 Kg ha ‘+ RDF 

141.20 

140.82 

3-97 

4.04 

3583.87 

3776.00 

1.541 

S.E m 

0.82 

1.65 

0.039 

O.O5O 

59.23 

60.42 

0.006 

CD (p = 0.05) 

1.74 

2.30 

0.078 

0.100 

118.61 

120.84 

0.013 
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Table 2: Effect of sources and levels of Sulphur on Yield attributes and yield 


Treatment 

Capitulum diameter 
in cm 

Number of filled 
seeds capitulum 1 

100 seed weight 
in gm 

Seed yield 
in kg ha' 1 


2014 

2015 

2014 

2015 

2014 

2015 

2014 

2015 

To- Recommended dose of Fertilizer alone 
(RDF) 

12.74 

1333 

538.00 

549.00 

4.424 

4.441 

810.00 

825.00 

T - Elemental Sulphur@i5 kgha 1 + RDF 

14-75 

15.07 

634.00 

642.00 

4-435 

4.458 

926.00 

942.00 

T 2 - Elemental Sulphur@3o kgha 1 + RDF 

15.90 

16.00 

655.00 

667.00 

4-445 

4.486 

965.00 

979.00 

T - Elemental Sulphur@45 kgha 1 + RDF 

16.92 

17.22 

695.00 

705.00 

4.506 

4.511 

1060.00 

1072.00 

T - Gypsum @ r5kg ha 1 + RDF 

14.14 

14.52 

612.00 

624.00 

4.432 

4-454 

888.00 

904.00 

T_- Gypsum @ 30kg ha 1 + RDF 

15-47 

15.80 

642.00 

650.00 

4.441 

4.482 

928.00 

943.00 

T g - Gypsum @ 45kg ha 1 + RDF 

16.33 

16.73 

680.00 

690.00 

4.487 

4-499 

1006.00 

1021.00 

T - Pyrite @ 15 Kg ha'+ RDF 

13.48 

13.89 

582.00 

592.00 

4.428 

4-449 

855.00 

863.00 

T s - Pyrite @ 30 Kg ha'+ RDF 

14.92 

14.60 

639.00 

649.00 

4.438 

4-479 

890.00 

905.OO 

T - Pyrite @ 45 Kg ha'+ RDF 

15-74 

16.12 

658.66 

668.66 

4.482 

4.489 

969.00 

983.00 

s-e m 

0.29 

0.26 

0.56 

0.54 

O.OOl 

0.001 

17.51 

18.03 

CD (p = 0.05) 

0.59 

0.53 

1.13 

1.08 

0.003 

0.002 

35.02 

36.06 


Table 3: Effect of sources and levels of Sulphur on Growth analysis and quality parameters 


Treatment 

CGR at Flowering 
stage g.nr 2 day 1 

RGR at 

Flowering stage 
g.gm-day 1 

Oil content in % 

Crude protein % 


2014 

2015 

2014 

2015 

2014 

2015 

2014 

2015 

To- Recommended dose of Fertilizer alone 
(RDF) 

12.36 

12.39 

0.0472 

O.O47I 

37-°4 

( 37 - 48 ) 

37.11 

(37-53) 

I5.O 2 
(22.8o) 

15.09 

(22.85) 

T - Elemental Sulphur@i5 kgha 1 + RDF 

13.58 

13.60 

0.0526 

O.O527 

37.16 

( 37 - 55 ) 

37-38 

(37-69) 

15.50 

(23.18) 

15-54 

(23.21) 

T 2 - Elemental Sulphur@3o kgha 1 + RDF 

14.50 

14.64 

0.0632 

0.0636 

37-93 

(38.01) 

37-46 

(37-73) 

16.00 

(23-57) 

15.89 

(23-49) 

T - Elemental Sulphur@45 kgha 1 + RDF 

16.02 

16.09 

0.0762 

0.0765 

38-54 

( 38 . 37 ) 

38.51 

(38.35) 

16.35 

(23-85) 

16.39 

(23.88) 

T - Gypsum @ 15kg ha'+ RDF 

13.20 

13.30 

O.O5I9 

O.O523 

37.12 

( 37 - 53 ) 

37-31 

(37-64) 

15.23 

(22.97) 

15.36 

(23-07) 

Tg - Gypsum @ 30kg ha 1 + RDF 

14-34 

14.38 

0.0625 

0.0628 

37.82 

( 37 - 95 ) 

3719 

(37-57) 

15.81 

(23.42) 

15.84 

(23-45) 

T g - Gypsum @ 45kg ha 1 + RDF 

15.96 

16.03 

0.0731 

0.0735 

38.32 

(38.24) 

38-57 

(38-27) 

16.23 

(23-75) 

16.27 

(23-78) 

T - Pyrite @ 15 Kg ha '+ RDF 

12.60 

12.68 

O.O5O9 

0.0513 

37.07 

( 37 - 5 °) 

37.18 

(37-57) 

15.12 

(22.95) 

15.16 

(22.91) 

Tg- Pyrite @ 30 Kg ha '+ RDF 

13.64 

13.70 

0.0608 

0.0612 

37-59 

( 37 - 8 i) 

37-33 

(37.66) 

15.62 

(23-27) 

15.69 

(23-33) 

T - Pyrite @ 45 Kg ha ‘+ RDF 

15.24 

15.87 

0.0716 

0.0718 

38.14 

(38.13) 

38.11 

(38.12) 

16.14 

(23.68) 

16.18 

(23-71) 

s-e m 

0.013 

0.011 

0.001 

O.OOO3 

0.012 

0.018 

0.038 

O.O44 

CD (p = 0.05) 

0.027 

0.0224 

0.002 

0.0006 

O.O24 

0.036 

0.076 

0.088 
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